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Description 

The oresent invention relates to a power generation system using fuel cells which directly convert chemical 
energy o?rue!rnto electric energy, and particularly to a power generation system according to the first part of 

Many power generation systems using fuel cells have been developed, and one of such <^"ventfonal pow- 
er qeneratton systems is shown in Figure 6 of the accompanying drawings. This power generation system uses 
na?urat?as as a raw material gas to be reformed to fuel gas. A fuel cell stadc I generally includes a plural, y 
^fTuJS e::ments stacked one after another via separators (not shown). In Figure 6. * e-s «ho^^^^^^^^ 
one fuel cell element for Illustrative purpose. The fuel cell element includes an electrdyte plate ^0^,a'^tUode 
Zl and an anode 603. with the electrolyte plate 601 sandwiched by the cattiode 602 and ^^-^ «f 
A is compressed by a compressor 604. cooled by a cooling device 605. further compressed by another com- 
t LZ^Z lT, p?eheated'by an air preheater 607 before It is introdu^d to «th^e 602 of the fueUe 
stack I by an air feed line 608. Part of the air A is fed to a combustion chamber of a refomner 610 by a branch 
TeloS gLs discharged from the cathode 602 (called "cathode gas") are forced into a ^rt,.ne 61 2 through 
a rathode gas line 611 . then Into the air preheater 607 and expelled to the atmosphere. On the other hand 
fu?ga^ Which is ob^ined by reforming natural gas (CH.) NG is introduced to the anode 603 of the fuel cell 
stalk L Natural gas NG f lo Jthrough natural gas preheaters 613. 614 and a desulf urizer 615 before it reaches 
?he reformer 610. Natural gas is refomied to the fuel gas by the reformer 610 and fed to the an«>de 603 by a 
uel gasTeed I ne 616. Gases discharged from the anode 603 (called -anode gas") are forced -nto a heat ex- 
changer 61 7 he na^^^^^ 

Sreig and a gas-llqSid separator 620. In the gas-llquld separator 620. H.O is separated from the anode 
ga^anrthe nVremoJed anode gas Is pressurized by a blower 621 and then introduced to ^^^^^^^ 
Chamber of the reformer 61 0 by a line 622 extending through the heat exchanger 617. Gases d'^cbarge^ f 
theTetmer 610 are introduced to the cathode 602. H.O (left bottom in the illustration) separated by U^^^ gas^ 
iquid separator 620 is pressurfeed by a pump 623 (right in the illustration) and fed to a water header 624^ H.O 
is heated to steam In the heater 624 and transferred by a line 625 via the steam generator 618 to rnerge with 
nl^gas 5g bXe It enters the r.former610. Numeral 626 designates a b^wej for cathode redr^a^^^ 
When the fuel cell stackl is operated for power generation, afollowlng reaction 

610* 

CH4 + H2O ~> CO * 3H2 
On the other hand, a following reaction occurs at the cathode 602 of the fuel cell stack I: 

CO2 + 1 /2O2 + 2e- — > CO3- 
I inon thte reaction as seen in the above equation, cartwnate ion CO»- is produced. The cart)onate ion 
; CO -CraL" S Plate 601 and reaches the anode 603. Since the fuel gas FG prepared by the 

SrmTr eTot fed to the anode 603 and the fuel gas FG contacts the carbonate ion CO3-. following reactions 

CO3- + Hz — > CO2 + H2O + 2e- 
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C03"- + CO — > 2CO2 + 2e 
Therefore SCOj and SHjO are discharged from the anode as the anode gas. 
However the conventional power generatton system has following problems: _ 
Sw rates through the cell elements are not always homogeneous in the height direction (vertical d. 
rectit) J ^e f uel cell stackas shown in Figure 7. and gas flow rates In each cell element are not f o^^S^^^ 

f ueUell sta* wft^^^^^^^^ heat of the cathode, the temperature of the fuel cell stack entrance canno be 
sefh^J Conslrently the S/C ratio (steam/carbon ratio) cannot be set low (if the S/C ratio is ow deposition 
of^SplSton S^LJSin wii, not be prevented), and generally the fuel cell stack is operated with Its entrance 
f^mnftrature beino about 570 °C and the S/C ratio being about 3. . ^ ■ t- o 

Ano e3e of conventional power generation system using a fuel cell stack is ^bownjn F^"7 ^; 
TK TTZi Tc^rkl includes a plurality of fuel cell elements stacked one after another via separators (not 

IhLn) a elTf e^^ e^^^^^^^^ - « ^'"^^'^ T TTT Tdl mo^n 

IrtroMe Plate 901 is a porous substance soaked with carbonate and therefore this fuel cell is called a molten 

^LSLtef^rcelU^R^^^^^ 
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gas) is supplied to the cathode 902 of.the fuel cell stack I and fuel gas FG is supplied to the anode 903 of the 
same. A line 905 is connected to an entrance of the anode 903 of the fuel ceB stack I such that the fuel gas 
FG produced by a reformer 904 reaches the anode 903. Natural gas NG (raw material gas to be reformed) is 
desutf urized by a desutf urizer 907 on a natural gas feed line 906. preheated by a natural gas preheater 908 

5 and introduced to a reforming chamber 904a of the reformer 904. Natural gas NG is reformed to the fuel gas 
FG in the reforming chamber 904a and introduced into the anode 903. On the other hand, the air A is introduced 
to a filter 909, pressurized by an air blower 911 on an air feed line 910, heated by an air preheater 912 and 
introduced to an entrance of the cathode 902 of the fuel cell stack I. 

Gases discharged from the anode 903 (called "anode gas") flow into a catalyst combustor 914 through an 

10 anode gas line 913. Residual combustible matters among the anode gas (not all the matters are used in the 
reaction at the anode 903) are burned in the catalyst combustor 914 using part of the cathode gas (gases dis- 
charged from the cathode 902) introduced to the combustor 914 by a line branched from a cathode gas line 
915. In order to direct heat produced upon this combustion to a heating chamber 904b of the reformer 904 so 
as to use this heat for the reforming reaction in the reforming chamber 904a, the catalyst combustor 914 and 

15 the heating chamber 904b are connected with each other by a combustion exhaust gas line 916. Another part 
of the cathode gas is introduced to the air preheater 912 by the cathode gas line 915 before it is expelled to 
the atmosphere. A cathode gas recirculation blower 91 8 directs part of the cathode gas to the entrance of the 
cathode 902 through a recirculation line 917. In order to use sensible heat of gases discharged from the heating 
chamber 904b of the reformer 904 for generation of steam, these gases are introduced to a steam super heater 

20 920, a steam generator 921 and another steam generator 922. The gases then flow through a condenser 923 
and a gas-liquid separator 924. The steam generator 922 produces steam to be used in the reformation in the 
reformer 904. Qean water H2O processed by a water processor 925 flows Into the gas-liquid separator 924. 
Water separated by the gas-liquid separator 924 is pressurized by a water feed pump 926 together with the 
clean water H2O and introduced to the steam generators 921 and 922. Steam produced by the steam generator 

25 921 is recovered by a steam recovering line 927. Steam produced by the steam generator 922 is super heated 
by the steam super heater 920 and fed into the natural gas feed line 906 by a steam line 928. Gases separated 
by the gas-liquid separator 924 flow toward the air blower 911 on the air feed line 910. 

As the power generation starts using the system having the above-described structure, the natural gas 
NG is introduced to the reforming chamber 904a of the reformer 904 via the natural gas preheater 908 and a 

30 following reaction takes place in the reforming chamber 904a: 

CH4 + H2O — > CO + 3H2 

CO and 3IH2 are supplied as the fuel gas to the anode 903 of the fuel cell stack I. On the other hand, the 
air A preheated by the air preheater 91 2 is introduced to the cathode 902 of the fuel cell stack I and a following 
reaction takes place at the cathode 902: 
35 CO2 + 1 /2O2 + 2e" — > CO3"" 

The carbonate ion CO3"" reaches the anode 903 via the electrolyte plate 901. Since the fuel gas FG has 
been fed to the anode 903, following reactions are caused at the anode 903: 

COa" + H2 — > CO2 + H2O + 2e" 
COa"* + CO — > 2CO2 + 2e" 

40 Thus, electric current flows as a certain electrical load is connected between the cathode 902 and the 

anode 903. 

However, this type of power generation system also has shortcomings. Since the power generation system 
has only one reformer 904 and only one fuel cell stack I, the reformer 904 should possess a high reforming 
efficiency or rate. Consequently, the reforming temperature should be high. The reformer 904 generally cannot 
45 stand a high temperature with respect to a structural rigidity, and the longevity of the reforming catalyst in the 
reforming chamber 904a Is shortened as the reforming temperature is raised. If the temperature of the reformer 
904 is lowered in order to ensure an adequate longevity of the reforming catalyst and the reformer, a high re- 
forming efficiency cannot be expected and a concentration of hydrogen introduced to the anode 903 becomes 
low. Therefore, it is not possible to obtain a high voltage output from the power generation system. 
50 JP-A-59-149663 shows a power generation system according to the first part of claim 1. EP-A- 17277 and 

US-A-4080487 disclose ducting gases from a combustor to the first cathode. 

An object of the present invention Is to raise a total fuel utilization factor of the power generation system 
whereby an output at a power transmission end is raised even if a fuel utilization factor of one-path is low. 
Another object of the present invention is to reduce an amount of steam fed from outside for formation of 
55 a raw material gas. 

Still another object of the present invention is to burn in a reformer residual combustible matters among 
an anode gas and use heat produced upon combustion of the combustible matters to generate steam thereby 
increasing an amount of steam to be recovered. 

3 
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Yet another object of the present invention is to extend a longevity of a reformer and a reforming catalyst 
placed in the reformer. 

According to one aspect of the present invention, there is provided a power generation system using a 
fuel cell and a reformer having a refomiing chamber and a combustion chamber characterized in that there 
are provided in series a reformer, a first fuel cell and a second fuel cell, that the reforming chamber of the re- 
former is connected with an anode entrance of the upstream fuel cell, and that anode exit and cathode exit of 
the downstream fuel cell are connected with the combustion chamber of the reformer. 

According to another aspect of the present invention, there is provided a power generation system using 
a fuel cell and a reformer characterized in that there are provided in series a first (upstream) reformer, a first 
(upstream) fuel cell, a second (downstream) reformer and a second (downstream) fuel cell, that a reforming 
chamber of the first reformer, an anode of the first fuel cell, a reforming chamber of the second refomner and 
an anode of the second fuel cell are connected in series, that anode exit and cathode exit of the downstream 
fuel cell are connected with a combustion chamber of the second reformer. 

According to still another aspect of the present invention, there is provided a power generation system 
using a fuel cell and a reformer characterized in that a first (upstream) reformer, a first (upstream) fuel cell, a 
second (downstream) reformer and a second (downstream) f ue! cell are provided in series, that a reforming 
chamber of the first reformer, an anode of the first fuel cell, a reforming chamber of the second refonmer and 
anode of the second fuel cell are connected in series, that cathode gas of the first fuel cell is directly introduced 
to a combustion chamber of the first reformer, that combustion exhaust gas from the combustion chamber of 
the f iret reformer is intre)duced to a cathode of the second fuel ceil, and that anode exit and cathode exit of 
the second fuel cell are connected with a combustion chamber of the second reformer. In such a system, gases 
discharged from the combustion chamber of the second reformer may be used as heat source to produce steam 
and part of the steam so produced may be added to the raw material gas to be reformed before the raw material 
gas reaches the first reformer. 

The raw material gas is introduced to the first reformer and reformed into the fuel gas. The fuel gas is 
then introduced to the anode of the first fuel cell. If a fuel utilization factor of the first fuel cell is low. i.e.. if 
some or considerable portion of the fuel gas is not used in the anode of the first fuel cell, the remaining fuel 
gas is used in the next anode (anode of the second fuel cell). Therefore, a total fuel utilization factor is improved 
as compared with a power generation system having a single fuel cell. Further, gas flow rate distributions 
across the anode of the first (upstream) fuel cell as well as the second (downstream) fuel ceil are improved 
since the gas flow rate through each anode is higher than a conventional power generation system which has 
two parallel-provided fuel cells. This advantage is also derived from the in-series connection of the fuel cells. 
More specifically, when the fuel cells are provided in series, the flow rate across the anode of each fuel cell 
increases as compared with a case where the fuel cells are provided In parallel. Although the flow rate distrib- 
ution of the gas at the exit of the upstream anode has a wave-like distribution, the distribution becomes flat 
when the gas enters the down stream anode. In other words, the gas flow rate distribution of the upstream 
anode is similar to that of the downstream anode. Therefore, the gas flow rate distribution of the upstream 
anode and that of the downstream anode are both improved as compared with the conventional parallel sys- 
tem. ^ _, J 

An reaction at the anode of the first fuel cell consumes hydrogen of the fuel gas and steam produced upon 
this reaction is introduced to the reforming chamber of the second refomner. Thus, the reforming rate of the 
second reformer is improved. As a result, an amount of steam for the refonnation is reduced. This leads to a 
reduction of the S/C ratio. In addition, sensible heat of the cathode gas from the first fuel cell is used as heat 
for the reformation in the first reformer. Thus, the first reformer serves as an intermediate cooling device to 
cool the cathode gas. This leads to an elimination of a cooling device forthe first fuel cell (Otherwise the cooling 
device should be provided downstream of the cathode of the first fuel cell). Moreover, since heat which is pro- 
duced upon combustion of the remaining fuel gas In the anode of the second fuel cell is used in steam gen- 
eration, an amount of steam recovered is raised. 

Other aspects, objects and advantages of the present invention will become apparent by reference to the 
following detailed description taken in conjunction with the various figures and appended claims. 
Figures 1 to 5 respectively illustrate schematic block diagrams of a power generation system using fuel 

cells according to the present inventbn; 
Figure 6 is a schematic block diagram showing a conventional power generation system; 

Figure 7 shows a flow rate distribution of a fuel cell stack; 

Figure 8 shows a flow rate distribution of a single fuel cell element and 

Figure 9 illustrates another conventional power generation system. 

Now. preferred embodiments will be described with Figures 1 to 5 of the accompanying drawings. 
Referring first to Figure 1. illustrated is a power generation system having two fuel cell stacks I and II 
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provided in series. Each fuel stack includes a plurality of fuel cell elements stacked via separators (only one 
fuel cell element is shown for illustrative purpose). Each fuel cell element includes an electrolyte plate 101, a 
cathode 102 and an anode 103, The electrolyte plate 101 is sandwiched by the cathode 102 and the anode 
1 03. Air A (an oxidizing gas) is supplied to the cathode 102 of the fuel cell stack I while fuel gas FG is supplied 

5 to the anode 103. The anode 103 of the first fuel cell I is connected in series with the anode 103 of the second 
fuel cell II. A fuel gas feed line 131 is connected to an entrance of the anode 103 of the first fuel cell I such 
that the fuel gas FG produced in a reformer 1 30 is introduced to the anode 1 03. Natural gas NG (a raw material 
gas) is desulfurized by a desulfurizer 133 provkied on a natural gas feed line 132 and introduced to a natural 
gas preheater 134 before it is supplied to a reforming chamber 130a of the refomner 130. Natural gas NG is 

10 reformed to the fuel gas FG In the reforming chamber 130a The fuel gas FG is used first in the anode 103 of 
the first fuel cell I and then in the anode 103 of the second fuel cell II. Gases discharged from the anode 103 
(called "anode gas") of the second fuel cell II flow into a catalyst combustor 161 through an anode gas line 
135 before it reaches a combustion chamber 130b of the reformer 130. On the other hand, the air A (oxidizing 
gas) is introduced to a filter 136, pressurized by an air blower 138 provided on an air feed line 137, preheated 

15 by an air preheater 139 before it is supplied to the cathode 102 of the first fuel cell stack I. Gases discharged 
from the. cathode 102 (called "cathode gas") of the first fuel cell stack I are cooled by a cooling device 140 
before they are supplied to the cathode 1 02 of the second fuel cell stack 11. The cathode gas from the cathode 

102 of the second fuel cell stack II is a high temperature gas and part thereof is branched by a cathode gas 
line 141. Part of the gas in the cathode gas line 141 is expelled to the atmosphere via the air preheater 139 

20 and the remainder is recirculated to the cathode 1 02 of the first fuel cell stack I through the air feed line 1 37 
by a cathode gas blower 143. The cathode gas which is not branched by the cathode gas line 141 is introduced 
to the combustion chamber 130b of the reformer 130 via the catalyst combustor 161. Gases discharged from 
the combustion chamber 130b of the reformer 130 flow into an exhaust gas line 144 and pass through a steam 
super heater 145, a steam generator 146, another steam generator 147, a condenser 148 and a gas-liquid sep- 

25 arator 149. The steam generator 147 is used to prepare steam for the reformation in the reformer 130. Clean 
water H2O which is processed by a water processing machine 150 is also fed to the gas-liquid separator 149. Wa- 
ter separated by the gas-liquid separator 149 is pressurized by a water feed pump 151 together with the clean 
water H2O and Introduced to the steam generators 146 and 147, Steam generated in the steam generator 146 
is recovered by a steam recovery line 152. Steam generated in the other steam generator 147 is super heated 

30 by the steam super heater 145 and introduced to the natural gas feed line 1 32 by the steam line 153. Surplus 
steam (not all the steam generated by the steam generator 147 is fed to the natural gas feed line 132) returns 
to the condenser 148. A top of the gas-liquid separator 149 and an entrance of the air blower 138 on the air 
feed line 137 are connected with each other so that gases separated by the gias-liquid separator 149 are in- 
troduced to the air feed line 137. Meanwhile, no combustion may take place in the combustion chamber 1 30b 

35 of the reformer 130 and gases may just pass there-through in certain cases. 

The fuel gas FG supplied to the anode 103 of the first fuel cell stack I reacts with cart)onate ion CO3" 
which has been produced upon the reaction at the cathode 102 and has migrated to the anode 103 through 
the electrolyte plate 101, whereby the fuel gas is consumed at the anode 103. The anode gas from the anode 

103 of the first fuel cell stack I is directly introduced to the anode 103 of the second fuel cell stack II so that 
40 remaining fuel gas (all the fuel gas Is not used in the upstream anode 103) Is used In the reaction at the down- 
stream anode. Therefore, even if a fuel utilization factor of each anode is low, a total fuel utilization factor is 
high. For example, in a case where the fuel utilization factors Vf of the first and second fuel cells ! and II are 
both 70%, the fuel utilization factor of the first fuel cell stack I is 70% (= 100% x 0.7) and the fuel utilization 
factor of the second fuel cell stack II is 21% (= (100-70)% x 0.7). Therefore, the total fuel utilization factor is 

45 91% (= 70% + 21%). This value Is considered very high in the art. As a result, a power generation efficiency 
at a transmission end is raised. In this case, since the fuel utilization factors of the fuel cell stack I and II can 
be set low respectively, a partial fuel shortage does not occur and an output voltage of the system does not 
become lower than a designed value even if a gas flow rate distribution in the fuel cell stack in a height direction 
of the stack and a gas flow rate distribution in each fuel cell element are not homogeneous as shown in Figures 

50 7 and 8. 

The flow rate of the gas introduced to the anode of the fuel cell is generally smaller than that of the cathode. 
Thus, the gas flow rate distribution of the anode is more inhomogeneous than that of the cathode. However, 
if two fuel cells are connected in series, like this embodiment, the gas flow rate across the anode is raised. 
(If two fuel cells are connected in parallel, the gas flow rate across the anode is also raised, but the In-series 
55 connection can raise the flow rate more.) Accordingly, the gas flow rate distribution of the anode is improved 
in this embodiment. Further, since the cooling device 140 is provided between the cathode 1 02 of the upstream 
fuel cell stack I and the cathode 102 of the downstream fuel cell stack II, the cathode gas from the upstream 
cathode is cooled before it Is introduced to the downstream cathode. This means that the cathode gas from 
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the upstream cathode can be directly introduced to the downstream cathode. Thus, a total amount of the cath- 
ode gas of the system can be reduced as compared with a case where the fuel cell stacks I and II are provided 
in a parallel relation. This cathode gas reduction results in an increase of COj concentration in the cathode 
gas thereby raising an output voltage of the fuel cell stack system and reducing a power for the cathode gas 
recirculation blower. If the same amount of cathode gas as the parallel-provided fuel cell system is supplied 
to the series-provided fuel cell system, an amount of cathode gas flowing through each cathode of the series- 
provided fuel cell system is larger than the parallel-provided fuel cell system so that it is possible to reduce a 
temperature difference between an entrance and an exit of the fuel cell system. If the exit temperature of the 
series-provided fuel cell system is equal to the exrt temperature of the parallel-provided fuel cell system due 
to a electrolyte loss, the entrance temperature of the series-provided fuel cell system is hlgherthan the parallel- 
provided fuel cell system since the amount of gas passing through the series-provided fuel cell system is larger 
than the parallel-provided fuel cell system and the entrance-exit temperature difference of the senes-provided 
fuel cell system is smaller than the parallel-provided fuel cell system. Accordingly, the operation temperature 
of the series-provided fuel cell system is higher than the parallel-provided fuel cell system and the output vol- 
tage of the former fuel cell system is larger than the latter fuel cell system, in addition, the S/C ratio can be 
lowered since the higher the fuel cell system operation temperature Is. the lower the possibility of carbon de- 
position (precipitation) reaction (2CO -> CO2 + C) at the anode entrance is. Consequently, even if an amount 
of steam for the reformation is reduced and the S/C ratio Is made smaller, the carbon precipitation does not 
occur at the anode entrance. Therefore, the fuel concentration at the anode becomes higher and the amount 
20 of steam for the reformation can be reduced. This improves a system efficiency. 

The sensible heat of the gases discharged from the combustion chamber 1 30b of the reformer 130 is used 
for the steam generation in the steam super heater 145 and the steam generators 146 and 147. The generated 
steam is added to the natural gas NG by the steam line 1 53. 

Referring to Figure 2, there is provided another reformer 254 in addition to the reformer 230, which corre- 
spondstothe reformer 153 (Figure 1). as compared with Figure 1. The refonfning chamber230a of the upstream 
reformer 230 the anode 203 of the upstream fuel cell stack I, the refonfning chamber 254a of the downstream 
reformer 254 and the anode 203 of the downstream fuel cell stack II are connected in series. Specifically, an 
exit of the reforming chamber 230a of the upstream reformer 230 is connected to an entrance of the anode 
203 of the upstream fuel cell stack I by a fuel gas feed line 231 . An exit of the anode 203 of the upstreanri fuel 
cell stack I is connected to an entrance of the reforming chamber 254a of the downstream reformer 254 by an 
anode gas line 255. A carbonate scrubber 256 is provided on the anode gas line 255. An exit of the reforming 
chamber 254a of the downstream reformer 254 is connected to an entrance of the anode 203 of the down- 
stream fuel cell stack II by a fuel gas feed line 257. In order to use combustion heat of the downstream reformer 
254 as heat source for the upstream reformer 230. the combustion chambers 230b and 254b of the two refor- 
35 mers 230 and 254 are connected by a line 258. In order to use sensible heat of gases discharged from the 
upstream reformer 230 for the steam generation, there is provkJed an exhaust gas line 244. Other structure 
is same as Figure 1 and similar numerals (100 Is pulsed) are assigned to like elements. 

m the embodiment of Figure 2. the raw material gas NG flows through the upstream reformer 230. the 
anode 203 of the upstream fuel cell stack I and the downstream reformer 254. Therefore, following advantages 
40 can be expected In addition to the advantages expected In the embodiment of Figure 1 : (I) Since the reforming 
efficiency of the upstream reformer 230 can be set lower than that of the downstream reformer 254. heat other 
than the combustion heat of the downstream refornt^r 254 may be used as the heat source for the "Pstreem 
reformer 230; (11) Hydrogen is consumed upon a reaction at the anode 203 of the upstream fuel cell stack I 
and steam generated upon this reaction is supplied to the reforming chamber 254a of the downstream reformer 
45 254. Further, combustible matters among the anode gas discharged from the anode 203 of the downstream 
fuel cell stack II are burned In the second reformer 254 and heat generated upon this combustion is "sed as 
heat source for the second reformer 254. Therefore, the reforming temperature of the second reformer 254 
becomes high and the reforming rate or efficiency of the second reformer254 is raised; and (iii) Since the steam 
for the reformation in the second reformer 254 is fed from the anode 203 of the f irstfuel cell stack «. a" 
50 of steam to be added to the raw material gas is reduced. Accordingly, the S/C ratio is lowered. Asthe S/C ratio 
becomes lower, the carbon precipitation might occur. However, the operation temperature of the fuel cell sys- 
tem is set high so as to prevent the carbon precipitation in to the present Invention. 

Figure 3 shows another embodiment of the present invention. Like the system shown in Figure 2. afiret 
(upstream) reformer 330 and 354 a first (upstream) fuel cell stack I. a second (downstream) reformer 354 and 
55 a second (downstream) fuel cell stack II are provided in series. Specif ically, a reforming chamber 330a of the 
upstream reformer 330. an anode 303 of the upstream fuel cell stack I. a reforming chamber 354a of the down- 
stream reformer 354 and an anode 303 of the downstream fuel cell stack II are connected in series. In this 
embodiment, a cathode gas line 359 extending from a cathode 302 of the upstream fuel cell stack I reaches 
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a combustion chamber 330b of the upstream reformer 330. Further, the exit of the combustion chamber 330b 
of the upstream reformer 330 is connected to the entrance of the cathode 302 of the downstream fuel cell stack 
II by an exhaust gas line 360. Other structure is same as the system of Figure 2 and like numerals (100 is 
added) are assigned to like elements. 

5 In the embodiment of Figure 3, following additional advantages are obtained: (i) Since the reforming rate 

of the upstream reformer 330 can be set lower than that of the downstream reformer 354, it is possible to directly 
use sensible heat of the cathode gas of the upstream fuel cell stadc I as heat source for the reformation in the 
upstream reformer 330. Consequently, fuel used to produce heat for the reformation is reduced; (ii) Since the 
cathode gas of the upstream fuel cell stack I is cooled by the upstream reformer 330, the upstream reformer 

10 330 serves as an intermediate cooling device so that the exhaust gas from the upstream refonmer 330 can be 
directly introduced to the cathode 302 of the downstream fuel cell stack II. Consequently, even if the cooling 
device 140 (Figure 1) or 240 (Figure 2) is not provided, comes out almost the same result as the Figure 1 or 
2 embodiment; and (iii) Since heat required for the reformation in the downstream reformer 354 is small, heat 
which the system has can be used for other purposes such as for steam generation. In such a case, a larger 

15 amount of steam can be produced and an amount of steam recovered is raised. 

Figure 4 shows another power generation system according to the present invention. Like the system of 
Figure 9, a first (upstream) fuel cell stack I includes a plurality of fuej cell elements (only one fuel ceil elennent 
Is shown for illustrative purpose). Each fuel cell element Includes an electrolyte plate 401 , a cathode 402 and 
an anode 403. The fuel cell elements are stacked one after another via separators (not shown). Air A (oxidizing 

20 gas) Is supplied to the cathode 402 of the fuel cell stack I while fuel gas FG is supplied to the anode 403. A 
first reformer 404 is provided upstreanri of the first fuel cell stack I. Raw material gas (for instance, natural gas) 
is introduced to the reformer 404 and reformed Into the fuel gas. Areforming chamber (first reforming chamber) 
404a of the reformer 404 is connected to an entrance of the first fuel cell stack 1 by a fuel gas feed line 405. 
Combustible matters among the anode gas are burned in a catalyst combustor 414 using part of the cathode 

25 gas. In order to use heat produced upon this combustion as heat source forthe reformer 404, a heating chamber 
404b of the reformer 404 is connected to the catalyst combustor 414 by a combustion exhaust gas line 416. 
A second fuel cell stack II is provided downstream of the first fuel cell stack I. The second fuel cell stack II has 
a structure similar to the first fuel cell stack I. A second reforming chamber 429 is provided between the exit 
of the anode 403 of the first fuel cell stack I and the entrance of the anode 403 of the second fuel cell stack 

30 l|. The exit of the cathode 402 of the first fuel cell stack I is directly connected to the cathode 402 of the second 
fuel cell stack II. The second reforming chamber 429 uses sensible heat of the anode gas from the first fuel 
cell stack I. The first reforming chamber 404a of the reformer 404, the anode 403 of the first fuel cell stack I, 
the second reforming chamber 429 and the anode 403 of the second fuel cell stack II are connected in series. 
The air A Is preheated by an air preheater 412 before It is introduced to the cathode 402 of the upstream fuel 

35 cell stack I. An air branch line 430 is connected to a cathode exit line 415 such that part of the air A which is 
not yet preheated is branched from an air feed line 410 and supplied to the entrance of the cathode 402 of the 
downstream fuel cell stack II. Numeral 431 designates a hot water generator and 432 designates a cathode 
gas cooling device. Other structure of the system of Figure 4 is similar to Figure 9 and like numerals (500 sub- 
tracted) are given to like elements. 

40 Natural gas NG Is reformed to the fuel gas by the first reforming chamber 404a of the reformer 404 and 

the fuel gas is supplied to the anode 403 of the first fuel cell stack I by a fuel gas feed line 405. Hydrogen of 
the fuel gas is consumed upon reaction at the anode 403. Gases discharged from the anode (anode gas) are 
introduced to the second reforming chamber 429. In the second reforming chamber 429, remaining raw material 
gas (all the raw material gas is not reformed to the fuel gas in the first reforming chamber) is then reformed 

45 using sensible heat of the anode gas and steam generated upon the reaction at the upstream anode 403. The 
fuel gas produced upon this reformation is supplied to the downstream anode. In this manner, the raw material 
gas (natural gas) is reformed twice, namely by the first reforming chamber 404a and the second reforming 
chamber 429. Therefore, steanri used forthe reformation in the second reforming chamber 429 includes steam 
produced upon the reaction at the anode 403 of the first fuel cell stack I in addition to steam added for the 

so reformation in the first refonmer 404. In addition, since hydrogen Is consumed at the anode 403 of the upstream 
fuel cell stack I, the reforming rate (reforming efficiency) is remarkably set high. Therefore, even if the reforming 
rate of the first reformer is not set high very much, as compared with a conventional system having only one 
reformer, the total reforming rate of the system becomes high. Further, the concentration of hydrogen entering 
the anode 403 of the downstream fuel cell stack II is raised and the output voltage of the fuel cell system is 

55 raised. 

In this embodiment, since the reforming rate of the first reformer 404 does not have to have a high reforming 
rate, the reforming temperature does not have to be high. Consequently, the longevity of the reforming catalyst 
In the reforming chamber 404a is not shortened and the reformer 404 does not suffer from a thermal damage 
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structurally. However, if the reforming temperature was too low, the reforming rate would be lowered extremely. 
In this embodiment, heat generated upon the combustion in the catalyst combustor 41 4 (Remaining combust- 
ible matters among the anode gas from the downstream fuel cell stack II are burned in the catalyst combustor 
414) Is used as the heat source for the upstream refomier 404. Therefore, the heating temperature of the heat- 

5 ing chamber 404b of the reformer 404 can be maintained above 700**C. Accorclingly. it is possible to design 
the fuel cell system In a manner such that most of the natural gas NG is reformed In the upstream reforming 
chamber 404a and a small amount of natural gas NG is reformed in the downstream reforming chamber 429. 
Therefore, the downstream reforming chamber 429 can be designed small and a quantity of the catalyst placed 
in the reforming chamber 429 becomes small. This is advantageous since the catalyst can be easily replaced 

10 when it is deteriorated by the carbonate of the fuel cell. 

According to this embodiment, since it is possible to set a relatively low S/C ratio (steam/carbon ratio) — 
Off course, the S/C ratio is determined in a range in which the carbon precipitation does not occur though—, a quan- 
tity of steam necessary for the reformation is reduced. Therefore, steam recovered as a result of exhaust heat 
recovery can be used for other purposes outside the system. Further, since a quantity of steam required at 

15 the anode entrance is reduced, a partial pressure of hydrogen is raised and the output voltage (or power gen- 
eration efficiency) of the fuel cell system is raised. 

Generally there is a possibility that the carbon precipitation occurs since the anode entrance temperature 
of the downstream fuel cell stack is low. However, the carbon precipitation will not occur since the anode gas 
from the upstream fuel cell stack I contains a large quantity of steam. 

20 Since the second reforming chamber 429 uses as the heat for the refomiation the sensible heat of the 

anode gas. the temperature of the anode gas introduced to the anode 403 of the downstream fuel cell stack 
II becomes lower than that of the anode gas discharged from the anode 403 of the upstream fuel cell stack I. 
Therefore, it is possible to use the anode gas introduced to the anode 403 of the downstream fuel ceil stack 
II for cooling the downstream fuel cell stack II. As a result, a quantity of cooling gas introduced to the cathode 

25 402 of the downstream fuel cell stack II can be reduced. 

Figure 5 shows a modification of the system of Figure 4. Instead of the second reforming chamber 429 of 
Figure 4, there is provided a second reformer 533 between the first and second fuel cell stacks I and II. The 
anode gas discharged from the anode 503 of the upstream fuel cell stack I flows through the reforming chamber 
533a of the second reformer 533 and reaches the anode 503 of the downstream fuel cell stack II. The cathode 

30 gas from the cathode 502 of the upstream fuel cell stack I flows through a heating chamber 533b of the second 
reformer 533 and reaches the cathode 502 of the downstream fuel cell stack II. In this embodiment, the sensible 
heat of the cathode gas of the first fuel cell stack I is used as the heat for refomnation in the second reformer 
533. Further, the gases discharged from the heating chamber 533b of the second reformer 533 are introduced 
to the cathode 502 of the second fuel cell stack II. Therefore, the cathode gas from the first fuel cell stack I is 

35 cooled by the second reformer 533 and the cooled cathode gas is used to cool the second fuel cell stack II. 

It should be noted that the present invention is not limited to the above-described embodiments. For ex- 
ample, although all the illustrations show the systems having twofuel cell stacks I and II, the power generation 
system may include three or more fuel cell stacks. Likewise, more than two reformers may be provWed. Further, 
in the system of Figure 2 (or Figure 3) heat may be given to the combustion chamber 230b (330b) from another 

40 heat source and the exhaust gas line 244 (344) may be connected to the exit of the combustion chamber 254b 
(354b). 



Claims 

45 

1. A power generation system using fuel cells (I, II), comprising: 

a first reformer (1 30) having a first reforming chamber (1 30a) and a first combustion chamber (1 30b), raw 
material gas (NG) being reformed into fuel gas (FG) by the reforming chamber (130a); 
a first fuel cell (I) having a first anode (1 03) and a first cathode (102); 
50 a fuel gas feed line for introducing fuel gas (FG) into the first anode (1 03) from the first refonning chamber 

(130a); 

a second fuel cell (II) having a second anode (103) and a second cathode (102); 

a first line for introducing into the second anode (103) gases discharged from the first anode (103); and 
a second line for introducing into the second cathode (1 02) gases discharged from the first cathode (1 02); 
55 said system being further characterized by a third line (144. 137) for introducing into the first cathode 

(102) gases discharged from the first combustion chamber (130b); and 

a catalyst combustor (161), gases discharged from the second anode (103) being introduced to the cat- 
alyst combustor (161) and then to the first combustion chamber (1 30b), and part of the gases discharged 
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from the second cathode (102) being introduced to the catalyst connbustor (161). 

The system of daim 1 , characterized in that the first anode (103) is directly connected to the second anode 
(103) by the first line. 

The system of daim 1 or 2, characterized in that gases discharged from the second anode (103) are in- 
troduced to the first combustion chamber (13bb). 

The system of claim 1 , 2 or 3 , characterized in that the system further indudes a filter (136), a blower 
(138) and a preheater(139) and that oxidizing gas is darified by the filter (136). pressurized by the blower 
(138) and preheated by the preheater (139) before it is introduced to the first cathode (102). 



5. The system of any one of foregoing claims, characterized in that the system further includes a cooling 
device (140) and that gases discharged from the first cathode (102) are cooled by the cooling device (140) 
and then introduced to the second cathode (102). 

15 

6. The system of daim 4 or 5, characterized in that part of the gases discharged from the second cathode 

(102) is introduced to the oxidizing gas preheater (139). 

7. The system of any one. of foregoing daims, characterized in that part of the gases discharged from the 
20 second cathode (102) is recirculated to the first cathode (102). 

8. The system of any one of foregoing daims, characterized in that gases discharged from the second anode 

(103) and gases discharged from the second cathode (102) are introduced to the first combustion cham- 
ber (130b). 

25 

9. The system of any one of foregoing claims, characterized in that the system further indudes a steam gen- 
erator (146) and that gases discharged from the first combustion chamber (130b) are Introduced to the 
steam generator (146) and steam generated in the steam generator (146) is added to the raw material 
gas (NG). 

30 

10. The system of any one of foregoing dainns, characterized in that the system further indudes a second 
reformer (254) having a second reforming chamber (254a) and a second combustion chamber (254b) and 
that the first reforming chamber (130a; 230a), the first anode (103; 203). the second reforming chamber 
(254a) and the second anode (103; 203) are connected in series. 

11. The system of daim 1 0, characterized in that gases discharged from the second anode (103; 203) and 
gases discharged from the second cathode (1 02; 202) are introduced to the second combustion chamber 
(254b) and then to the first combustion chamber (130b; 230b). 

12. The system of daim 10or11 , characterized in that a reforming rate of the first reformer (1 30; 230) Is lower 
^ than the reforming rate of the second reformer (254). 

13. The system of daim 9, 10, 11 or 12 , characterized in that gases discharged from the first cathode (302) 
are introduced to the first combustion chamber (330b). 

45 14. The system of daim 10, 11. 12 or 13 . characterized in that gases discharged from the first combustion 
chamber (330b) are introduced to the second cathode (302) and then to the first cathode (302). 

15. The system of any one of foregoing daims, characterized in that the system further indudes a second 
reforming chamber (354) and that the first anode (303), the second reforming chamber (354) and the sec- 
ond anode (303) are connected in series and the first cathode (302) and the second cathode (302) are 
connected in series. 



50 



16. The system of daim 1 5, characterized in that the system further indudes a catalyst com bustor (414) and 
that gases discharged from the second anode (403) and gases discharged from the second cathode (402) 
are introduced to the catalyst combustor (414) and then to the first combustion chamber (404b). 

17. The system of claim 15 or 16 , characterized in that the system further indudes an air preheater (412) and 
that air preheated by the air preheater (412) is introduced to the first cathode (402) and air not preheated 
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by the air preheater (412) is introduced to the second cathode (402). 

18 The system of any one of foregoing claims, characterized in that the system further includes a second 
reformer (533) having a second reforming chamber (533a) and a second combustion chamber (633b) and 
that gases discharged from the first anode (503) are introduced to the second reforming chamber (533a) 
and then to the second anode (503) and gases discharged from the first cathode (502) are introduced to 
the second combustion chamber (533b) and then to the second cathode (502). 



Patentanspruche 

1 Energleerzeugungssystem, welches Brennstoffzellen (I. II) verwendet, umfassend: 

einen ersten Reformer (130) mit einer ersten Reformerkammer (130a) und einer ersten Verbrennungs- 
kammer (1 30b). wobei Rohgas (NG) von der Reformerkammer (1 30a) in Brenngas (FG) umgesetzt wird; 
eine erste Brennstoffzelle (I) mit einer ersten Anode (103) und einer ersten Kathode (102); 
eine Bienngasleitung zum Einieiten von Brenngas (FG) in die erste Anode (103) von der ersten Refor- 
merkammer (103a); , „ J /nnix 
eine zwelte Brennstoffzelle (II) mit einer zweiten Anode (103) und einer zweiten Kathode (102); 
eine erste Leitung zum Einieiten von von der ersten Anode (1 03) abgegebenen Gasen in die zweite Anode 

(103); und ^ . •» 

eine zweite Leitung zum Einieiten von von der ersten Kathode (102) abgebebenen Gasen in die zweite 

wobeTSises System ferner gekennzelchnet ist durch eine dritte Leitung (144. 137) zum Einieiten von 
von der ersten Verbrennungskammer (130b) abgegebenen Gasen In die erste Kathode (102); und 
einen katalytischen Brenner (161), wobei die von der zweiten Anode (103) abgegebenen Gase in den ka- 
talytischen Brenner (161) und dann in die erste Verbrennungskammer eingefuhrtwerden. und em Teil der 
von der zweiten Kathode (1 02) abgegebenen Gase dem katalytischen Brenner (161) zugef uhrt werden. 

2. System nach Anspruch 1 , dadurch gekennzelchnet. daB die erste Anode (1 03) durch die erste Leitung 
direkt mit der zweiten Anode (1 03) verbunden ist 

3. System nach Anspruch 1 oder2. dadurch gakennreichnet, daB von derzweiten Anode (1 03) abgegebene 
Gase der ersten Verbrennungskammer (130b) zugefuhrt werden. 

4 System nach Anspruch 1 . 2 oder 3. dadurch gekerinzeichnet, daR das System ferner ein Filter (1 36). ein 
Gebiase (1 38) und einen Vorwarmer (1 39) umfaBt. und daB das Oxidationsgas vom Filter (1 36) gereinigt 
wird. vom GebiSse (1 38) unter Druck gesetzt wIrd und vom Vorwarmer (1 39) vorgewfirmt wird ehe es der 
ersten Kathode (1 02) zugefuhrt wird. 

5 system nach einem der vorherigen Anspruche, dadurch gekennzelchnet. daB das System ferner eine 
KQhlvorrichtung (140) umfaBt, und daB von der ersten Kathode (102) abgegebene Gase von der Kuhl- 
vorrlchtung (1 40) gekuhit werden und dann der zweiten Kathode (1 02) zugefuhrt werden. 

6. System nach Anspruch 4 oder 5, dadurch gekennzelchnet, daB ein Teil der von derzweiten Kathode (102) 
abgegebenen Gase dem Oxidationsgas-Vor warmer (139) zugefuhrt werden. 

7 System nach einem dervorherlgen Anspruche, dadurch gekennzelchnet. daB ein Teil dervon derzweiten 
Kathode (102) abgegebenen Gase in die erste Kathode (102) zuruckgefuhrt wird. 

8 System nach einem der vorherigen AnsprOche. dadurch gekennzeichnet, daB von der zweiten Anode 
(103) abgegebene Gase und von derzweiten Kathode (102) abgegebene Gase der ersten Verbrennungs- 
kammer (1 30b) ziigef Qhrt werden. 

9 System nach einem der vorher«en Anspruche. dadurch gekennzelchnet. daB das System ferner einen 
Dampfgenerator (146) umfaBt. und daB von der ersten Verbrennungskammer (130b) abgegebene Gase 
dem Dampfgenerator (146) zugefuhrt wenJen, und der im Dampfgenerator (146) erzeugte Dampf dem 
Rohgas (NG) beigefugt wird. 

1 0. System nach einem der vorherigen Anspruche. dadurch gekennzelchnet. daB das System ferner einen 
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zweiten Reformer (254) mit einer zweiten Refomnerkanrimer (254a) und einer zwe'rten Verbrennungskanrv: 
mer (254b) umfaBt, und daB die erste Reformerkammer (1 30a; 230a), die erste Anode (1 03. 203). die zwei- 
te Reform erkannnner (254a) und die zweite Anode (103; 203) in Reihe geschalten sind. 

11. System nach Anspmch 10, dadurch gekennzeichnet daB von der zweiten Anode (103; 203) und von der 
zweiten Kathode (102; 202) abgegebene Gase der zweiten Reformerkammer (254b) und dann der ersten 
Verbrennungskammer (1 30b; 230b) zugef Qhrt werden. 

12- System nach Anspruch 10 Oder 11, dadurch gekennzeichnet. daft die Umsetzungsrate des ersten Re- 
formers (130; 230) niedriger ist als die Umsetzungsrate des zweiten Reformers (254). 

13. System nach Anspruch 9, 10. 11 Oder 12, dadurch gekennzeichnet. daB von der ersten Kathode (302) 
abgegebene Gase der ersten Verbrennungskammer (330b) zugef uhrt werden. 

14. System nach Anspruch 10. 11. 12 oder 13, dadurch gekennzeichnet daB von der ersten Verbrennungs- 
kammer (330b) abgegebene Gase der zweiten Kathode (302) und dann der ersten Kathode (302) zuge- 
f uhrt werden. 

15. System nach einem der vorherigen Anspruche, dadurch gekennzeichnet, daB das System ferner eine 
zweite Reformerkammer (354) enthalt, und daB die erste Anode (303), die zweite Reformerkammer (354) 

20 und die zweite Anode (303) in Reihe geschalten sind. und die erste Kathode (302) und die zweite Kathode 

in Reihe geschalten sind. 

16. System nach Anspruch 15, dadurch gekennzeichnet. daS das System ferner einen katalytischen Brenner 
(414) umfaBt. und daB von der zweiten Anode (403) abgegebene Gase und von der zweiten Kathode (402) 

25 abgegebene Gase dem katalytischen Brenner (414) und dann der ersten Verbrennungskammer (404b) 

zugef Qhrt werden. 

17. System nach Anspruch 1 5 oder 1 6, dadurch gekennzeichnet, daB das System ferner einen Luftvorwar- 
mer (412) unnfaBt, und daB die vom Luftvorwarmer (412) vorgewarmte Luftder ersten Kathode (402) zu- 

30 gefuhrt wird und die nicht vom Luftvorwarmer (412) vorgewarmte Luft der zweiten Kathode (402) zuge- 

fuhrtwird. 

1 8. System nach einem der vorherigen Anspruche. dadurch gekennzeichnet. daB das System ferner einen 
zweiten Reformer (533) mit einer zweiten Reformerkammer (533a) und einer zweiten Verbrennungskam- 
mer (533b) umfaBt, und daB von der ersten Anode (503) abgegebene Gase der zweiten Reformerkammer 
(533a) und dann der zweiten Anode (503) zugef uhrt werden, und daB von der ersten Kathode (502) ab- 
gegebene Gase der zweiten Verbrennungskammer (533b) und dann der zweiten Kathode (502) zugef uhrt 
werden. 



35 
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Revendications 



1. Syst^me de production d'^nergis utilisant dss cellules k combustible (I, ii), comprenant 

une premiere unit6 de reformage (1 30) poss6dant une premiere chambre de reformage (130a) et une pre- 
mi&re chambre de combustion (130b). du gaz brut (NG) ^tant reform^ eh gaz combustible (FG) par la 
chambre de reformage (130a); 

une premiere cellule k combustible (1) poss^dant une premiere anode (1 03) et une premidre cathode (1 02); 
une conduite d'alimentation en gaz combustible pour introduire du gaz combustible (FG) dans la premiere 
anode (103) k partir de la premiere chambre de reformage (130a); 

une seconde cellule ^combustible (11) poss^dant une seconde anode (103) etune seconde cathode (102); 
une premiere conduite pour introduire dans la seconde anode (103) des gaz d^charg^s de la premiere 
anode (103); 

une seconde conduite pour introduire dans la seconde cathode (102) des gaz ddchargds de la premiere 
cathode (102); 

55 ledit syst^me 6tant en outre caract6ris6 par une troisifeme conduite (144, 1 37) pour introduire dans la pre- 

miere cathode (102) des gaz d6charg6s de la premifere chambre de combustion (130b); 
un brOleurcatalytique (161). des gaz d^charg^s de la premiere anode (103) ^tant introdults dans le brQIeur 
catalytique (161) et ensuite dans la premiere chambre de combustion (130b) et une partie des gaz d§- 
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charges de la seconde cathode (102) 6tant introduits dans le brQIeur catalytique (161). 

2. Syst^me seion la revendlcation 1, caract6ris6 en ce que la premiere anode (103) est relive directement 
^ la seconde anode (103) par la premiere conduite. 

3. Systems salon la revendlcation 1 ou 2. caract6ris6 en ce que des gaz d6charg6s de la seconde anode 
(103) sont introduits dans la premiere chanribre de combustion (130b). 

4. Syst^me selon la revendlcation 1. 2 ou 3. caract6ris6 en ce que le syst^nne comprend de plus un filtre- 
(136), une soufflante (138), et un pr^chauffeur (139). eten ce que du gazoxydant est purifi6 parle f litre 
(136)! mis sous pression par la soufflante (138) et pr6chauff6 par le pr6chauffeur (139) avant d*6tre in- 
troduitdans la premiere cathode (102). 

5. Syst^me selon I'une quelconque des revendlcations pr6c6dentes. caract6ris6 en ce que le systfeme 
comprend de plus un dispositif de ref roidissement (140) et en ce que des gaz d6charg6s de la premifere 
cathode (1 02) sont ref roidis par le dispositif de ref roidissement (1 40) et ensuite Introduits dans la seconde 
cathode (102). 

6. Systdme selon la revendlcation 4 ou 5, caract6ris6 en ce qu'une partie des gaz d6charg6s de la seconde 
cathode (102) est introduite dans le pr^chauffeur (139) de gaz oxydant. 

7. Systdme selon Tune quelconque des revendlcations pr6c6dentes, caract6ris6 en ce qu'une partie des gaz 
d6charg6s de la seconde cathode (102) sont renvoy6s vers la premiere cathode (102). 

8 Syst6me selon I'une quelconque des revendlcations pr6c6dentes, caract6ris6 en ce que des gaz d6char- 
g6s de la seconde anode (103) et des gaz d6charg6s de la seconde cathode (102) sont introduits dans 
la premifere chambre de combustion (130b). 

9 Syst6me selon I'une quelconque des revendlcations pr6c6dentes, caract6rls6 en ce que le systfeme 
comprend de plus un g6n6rateur de vapeur (146) et en ce que des gaz d6charg6s de la premiere chambre 
de combustion (130b) sont introduits dans le g6n6rateur de vapeur (146) et la vapeur produite dans le 
g^n^rateur de vapeur (146) est ajout^e au gaz brut (NG). 

10 Syst^me selon Tune quelconque des revendlcations pr6c6dentes, caract6ris6 en ce que le systfeme 
comprend de plus une seconde unit6 de reformage (254) poss^dant une seconde chambre de reformage 
(254a) et une seconde chambre de combustion (254b). et en ce que la premiere chambre de reformage 
(1 30a: 230a). la premiere anode (1 03; 203). la seconde chambre de reformage (254a) et la seconde anode 
(103; 203) sont relives en s6rie. 

11 Syst^me selon la revendlcation 10. caract6ris6 en ce que des gaz d6charg6s de la seconde anode (103; 
203) et des gaz d6charg6s de la seconde cathode (102; 202) sont introduits dans la seconde chambre 
de combustion (254b) et ensuite dans la premiere chambre de combustion (130b; 230b). 

12. Syst^me selon la revendlcation 10 ou 11. caract6ris6 en ce que le taux de reformage de la premiere unit6 
de refpmiage (130; 230) est inf6rieur au taux de refonnage de la seconde unit6 de refonmage (254). 

13. Systdme selon la revendlcation 9, 10. 11 ou 12. caract6ris6 en ce que des gaz d6charg6s de la premiere 
cathode (302) sont introduits dans la premiere chambre de combustion (330b). 

14 Syst^me selon la revendlcation 10. 11, 12 ou 13, caract6ris6 en ce que des gaz d6charg6s de la premifere 
chambre de combustion (330b) sont introduits dans la seconde cathode (302) et ensuite dans la premiere 
cathode (302). 

15. Syst6me selon I'une quelconque des revendlcations pr6c6dentes. caract6ris6 en ce que le syst6me 
comprend de plus une seconde chambre de refonmage (354). et en ce que la premiere anode (303). la 
seconde chambre de reformage (354) et la seconde anode (303) sont reli6es en sMe et la premi^»re catho- 
de (302) et la seconde cathode (302) sont relives en s6rie. 

1 6 Syst^me seton la revendlcation 1 5. caract6ris6 en ce que le syst^me comprend de plus un bruleur cata- 
lytlque (414). et en ce que des gaz d6charg6s de la seconde anode (403) et des gaz d6charg6s de ta 



12 



EP0 476 610 B1 



seconde cathode (402) sont introduits dans le brOleurcatal/tique (414) et ensuite dans la premiere cham- 
bre de combustion (404b). 

Syst^me selon la revendication 15 ou 16. caracteris^ en ce que le syst^nne comprend de plus un prSchauf- 
feur d'air (412). et en ce que Tair pr6chauff6 par le pr6chauffeur d'air (412) est introduit dans la premiere 
cathode (402). et I'air non pr^chauff^ par le pr^chauffeur d'air (412) est introduit dans la seconde cathode 
(402). 

Syst^me selon Tune quelconque des revendications pr^c^dentes. caract^ris^ en ce que le syst&me 
comprend de plus une seconde untt6 de refonmage (533) poss^dant une seconde chambre de reformage 
(533a) et une seconde chambre de combustion (533b). et en ce que des gaz d^charg^s de la premiere 
anode (503) sont introduits dans la seconde chambre de reformage (533a) et ensuite dans la seconde 
anode (503) et des gaz d^charg^s de la premiere cathode (502) sont introduits dans la seconde chambre 
de combustion (533b) et ensuite dans la seconde cathode (502). 
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FIG. 7 
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FIG. 8 
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